The "meaning" of an empirical model of a physical system such as a mobile robot is an ill-defined concept, and clearly it would strengthen any hypotheses based on empirical models if some formal model verification was possible.
Empirical Models of Physical Systems

Definitions
We discuss two types of models of mobile robot behaviour in this paper: theoretical and empirical. We derive the empirical models from measurements made by the robot's sensors while it is performing the behaviour that we wish to model. The empirical models are parameterised, numerical representations of a physical process that is used for guiding physical experiments, making predictions about the behaviour of the physical system under investigation, and to capture the laws that govern the observed behaviour. It is especially this last point -scientific theory -that we are interested in.
[1] argues that the utility of empirical models for prediction is limited. In robotics this certainly is true because of the usually chaotic nature of robotenvironment interaction [3] , which precludes long-term accurate predictions. However, in this paper we demonstrate that empirical models in robotics can help to understand the fundamental laws that govern robot-environment interaction, and demonstrate in four experiments that it is possible to obtain empirical models that reflect the -in this case known -true relationship accurately.
We derive the theoretical model from a geometric analysis of the robot's motion. A robot's behaviour is a dynamical system that changes the location of the robot over time. Both model types express the behaviour as a set of equations that establish relationships between sensed variables as the robot moves from one state to another over the course of time. We have chosen four experiments where the theoretical models describe the behaviour in terms of intrinsic properties of the path traversed, such as radius of curvature. If the models are true representations of the robot's behaviour, then the dynamic invariants of the models and the underlying system should be the same. Establishing that the empirical models match the theoretical models gives us confidence to use them as simulation models in visualisations of robot behaviour and as control models to calculate driving commands.
Model Verification and Validation
[2] have argued that a formal verification ("demonstration of truth") and validation ("demonstration of truth") of empirical models of natural systems is impossible. However, proof exists within a set of axioms, and a statement is considered to be proven if it is consistent with those assumptions.
There is the further dilemma that often more than one empirical model will produce the same output (non-uniqueness of models). When faced with two models that give the same results, we either have to demonstrate their equivalence (as in Section 2.1), demonstrate that one empirical model is a better match to the theoretical model than the other (as in Section 2.4), or choose the simplest and most transparent model. Narmax system identification (Section 1.6) attempts to do the latter when it derives a model from measured data.
Background: Numerical Modelling of Robot-Environment Interaction
We have shown elsewhere [4, 5] that it is possible to express certain input-output relationships pertaining to a (mobile) robot's interaction with its environment in closed mathematical form (for instance sensor-motor couplings -in other words, robot control code -in the form of polynomials [7] [6] ). These models contrast to models of the internal structure of the robot, such as for instance the one given in [8] , where the mapping from wheel rotation to robot motion is modelled with an odometer calibration matrix plus a steering equation.
To illustrate the main point of this paper, we will look at the example of the wall-following behaviour of a Magellan Pro mobile robot. This robot was programmed by a trained roboticist to use its laser range readings over an arc of 180 • ahead of it (see figure 1) to achieve a wall-following behaviour (figure 2).
We then obtained a very simple linear polynomial representation of the robot's turning speed ω as a function of two of its laser perceptions, using Armax system identification [12] . This polynomial model is given in equation 1. ω(t) = 0.119 . . . − 0.135 * Laser1(t) −1 + ( 1 ) 0.258 * Laser90(t) −1 .
